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© Method for producing an unsaturated carboxylic acid.

© A method for producing an unsaturated carboxylic acid, which comprises subjecting an alkane to a vapor

phase catalytic oxidation reaction in the presence of a catalyst containing a mixed metal oxide comprising, as

essential components, Mo, V, Te, O and X wherein X is at least one element selected from the group consisting

of niobium, tantalum, tungsten, titanium, aluminum, zirconium, chromium, manganese, iron, ruthenium, cobalt,

rhodium, nickel, palladium, platinum, antimony, bismuth, boron, indium and cerium, wherein the proportions of

the respective essential components, based on the total amount of the essential components exclusive of

oxygen, satisfy the following formulas:

„ 0.25 < rMo < 0.98

Sr 0.003 < rv < 0.5

0.003 < rTe < 0.5

S2 0.003 < rx < 0.5
CO
CO

00o
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wherein rMo . <V. rTe and rx are molar fractions of Mo, V, Te and X, respectively, based on the total amount of the

essential components exclusive of oxygen.
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The present invention relates to a method for producing an unsaturated carboxylic acid by subjecting

an alkane to a vapor phase catalytic oxidation reaction. Particularly, the present invention relates to a

method particularly suitable for producing acrylic acid or methacrylic acid by vapor phase catalytic

oxidation of propane or isobutane, respectively.

5 Unsaturated carboxylic acids such as acrylic acid and methacrylic acid are industrially important as

starting materials for various synthetic resins, coating materials and plasticizers. For the production of an

unsaturated carboxylic acid such as acrylic acid or methacrylic acid, a method of catalytically reacting an

olefin such as propylene or isobutene with oxygen at a high temperature in a vapor phase in the presence

of a catalyst, has been known as the most common method.

w On the other hand, in view of the price difference between propane and propylene or between

isobutane and isobutene, there is a growing interest in developing a method for producing an unsaturated

carboxylic acid such as acrylic acid or methacrylic acid in one step by using a lower alkane such as

propane or isobutane as the starting material and by subjecting it to a vapor phase catalytic oxidation

reaction in the presence of a catalyst.

15 As examples of the catalyst for the production of acrylic acid in one step by subjecting propane to a

vapor phase catalytic oxidation reaction, a Mo-Sb-P-0 type catalyst (European Patent No. 0010902), a V-P-

Te-0 type catalyst (Journal of Catalysis, Vol. 101, p389 (1986)), a Bi-Mo-0 type catalyst and a V-P-Te-0

type catalyst (Japanese Unexamined Patent Publication No. 170445/1991) are known. On the other hand, as

an example of the catalyst for the production of methacrylic acid in one step by subjecting isobutane to a

20 vapor phase catalytic oxidation reaction, a P-Mo-0 type catalyst (Japanese Unexamined Patent Publication

No. 145249/1988) is known.

However, each of the methods using such catalysts has a drawback such that the yield of the desired

unsaturated carboxylic acid is not adequate, or the reaction system is complex.

The present inventors have conducted various studies on the method for producing an unsaturated

25 carboxylic acid using an alkane such as propane or isobutane as a starting material and as a result have

found it possible to produce the desired unsaturated carboxylic acid such as acrylic acid or methacrylic

acid in a yield substantially better than the conventional methods by subjecting an alkane such as propane

or isobutane to a vapor phase catalytic oxidation reaction in the presence of a catalyst containing a mixed

metal oxide comprising molybdenum, vanadium, tellurium and a certain type of metal, whereby the above

30 problems can be solved. The present invention has been accomplished on the basis of this discovery.

Thus, the present invention provides a method for producing an unsaturated carboxylic acid, which

comprises subjecting an alkane to a vapor phase catalytic oxidation reaction in the presence of a catalyst

containing a mixed metal oxide comprising, as essential components, Mo, V, Te, O and X wherein X is at

least one element selected from the group consisting of niobium, tantalum, tungsten, titanium, aluminum,

35 zirconium, chromium, manganese, iron, ruthenium, cobalt, rhodium, nickel, palladium, platinum, antimony,

bismuth, boron, indium and cerium, wherein the proportions of the respective essential components, based

on the total amount of the essential components exclusive of oxygen, satisfy the following formulas:

0.25 < rMo < 0.98

40 0.003 < rv < 0.5

0.003 < rTe < 0.5

0.003 < rx < 0.5

wherein rMOt rv ,
rTe and rx are molar fractions of Mo, V, Te and X, respectively, based on the total amount of

45 the essential components exclusive of oxygen.

Now, the present invention will be described in detail with reference to the preferred embodiments.

The mixed metal oxide to be used as a catalyst component of the present invention comprises Mo, V,

Te, O and X wherein X is at least one element selected from the group consisting of niobium, tantalum,

tungsten, titanium, aluminum, zirconium, chromium, manganese, iron, ruthenium, cobalt, rhodium, nickel,

50 palladium, platinum, antimony, bismuth, boron, indium and cerium, as essential components. Among the

above elements for X, niobium, tantalum, tungsten and titanium are preferred. Particularly preferred is

niobium.

The proportions of the respective essential components, based on the total amount of the essential

components exclusive of oxygen, are within the ranges defined by the following formulas:

55

0.25 < rMo < 0.98

0.003 < rv < 0.5

0.003 < rTe < 0.5
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0.003 < rx < 0.5

wherein rMo . 'v. fTe and fx ar© molar fractions of Mo, V, Te and X, respectively, based on the total amount of

the essential components exclusive of oxygen. For example, when the above mixed metal oxide is

5 represented by the empirical formula MoaVbTecX(1 )dX(2)eOn wherein X(1) and X(2) represent elements

belonging to the above element X, the respective molar fractions will be represented by the following

formulas:

rMo = a/(a + b+c + d + e)

w rv = b/(a + b + c + d + e)

rTe = c/(a + b + c + d + e)

rx = (d + e)/(a + b + c + d+e)

As such proportions, the ranges represented by the following formulas are particularly preferred among
;5 the above molar fractions:

0.35 < rMo < 0.87

0.045 < rv < 0.37

0.020 < rTe < 0.27

20 0.005 < rx < 0.35

Further, as the mixed metal oxide, the one having a certain specific crystal structure is preferred.

Specifically, preferred is the one which exhibits the following five main diffraction peaks at specific

diffraction angles 2d in the X-ray diffraction pattern of the mixed metal oxide (as measured by using Cu-Ka

25 ray as the X-ray source):

X-ray lattice plane

Diffraction angle 20 (±0.3') Spacing medium (A) Relative intensity

22.1 • 4.02 100

28.2* 3.16 20- 150

36.2- 2.48 5-60
45.2* 2.00 2-40
50.0° 1.82 2-40

The intensity of the X-ray diffraction peak may vary depending upon the measuring conditions of each

crystal. However, the relative intensity to the peak intensity at 22.1 • being 100, is usually within the above

ranges. Generally, the peak intensities at 2$ =22.1 • and 28.2* are distinctly observed. However, so long as

40 the above five diffraction peaks are observable, the basic crystal structure is the same even if other peaks

are observed in addition to the five diffraction peaks, and such a structure is useful for the present

invention.

The mixed metal oxide can be prepared by the following method. For example, when a mixed metal

oxide of the formula MoaVbTecNbxOn wherein the element X is Nb, is to be prepared, an aqueous solution

45 of telluric acid, an aqueous solution of ammonium niobium oxalate and a solution or slurry of ammonium
paramolybdate are sequentially added to an aqueous solution containing a predetermined amount of

ammonium metavanadate, so that the atomic ratio of the respective metal elements would be in the

prescribed proportions, the mixture is then dried by e.g. evaporation to dryness, spray drying or vacuum

drying, and finally the remaining dried product is calcined usually at a temperature of from 350 to 700 *C,

so preferably from 400 to 650 *C usually for from 0.5 to 30 hours, preferably from 1 to 10 hours, to obtain the

desired mixed metal oxide.

The above calcination treatment can be conducted in an oxygen atmosphere, but it is preferred to

conduct the calcination treatment substantially in the absence of oxygen. Specifically, the treatment is

carried out in an inert gas atmosphere of e.g. nitrogen, argon or helium, or in vacuo.

55 The starting materials for the above mixed metal oxide are not limited to those described above. For

example, a wide range of materials including oxides such as M0O3, V2O5, V203 , Te02 and ND2O5, halides

or oxyhalides such as M0CI5, VCU, VOCI3 and NbCIs, alkoxides such as Mo(OC2H5 )s, Nb(OC2H5 )s, VO-

(OC2Hs )3 and acetylacetone molybdenyl and organometallic compounds, may be used.

3
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A mixed metal oxide thus obtained, exhibits excellent catalytic activities by itself. However, it can be

converted to a catalyst having higher activities by grinding such a mixed metal oxide.

There is no particular restriction as to the grinding method, and conventional methods may be

employed. As a dry grinding method, a method of using a gas stream grinder may, for example, be

5 mentioned wherein coarse particles are permitted to collide with one another in a high speed gas stream for

grinding. The grinding may be conducted not only mechanically but also by using a mortar or the like in the

case of a small scale operation.

As a wet grinding method wherein grinding is conducted in a wet state by adding water or an organic

solvent to the above mixed metal oxide, a conventional method of using a rotary cylinder-type medium mill

w or a medium-stirring type mill, may be mentioned. The rotary cylinder-type medium mill is a wet mill of the

type wherein a container for the object to be grinded, is rotated, and it includes, for example, a ball mill and

a rod mill. The medium-stirring type mill is a wet mill of the type wherein the object to be grinded,

contained in a container is stirred by a stirring apparatus, and it includes, for example, a rotary screw type

mill, and a rotary disk type mill.

75 The conditions for grinding may suitably be set to meet the nature of the above-mentioned mixed metal

oxide, the viscosity, the concentration, etc. of the solvent used in the case of the wet grinding, or the

optimum conditions of the grinding apparatus. However, it is preferred that grinding is conducted until the

average particle size of the grinded catalyst precursor would usually be at most 20 urn, more preferably at

most 5 urn. Remarkable improvement in the catalytic performance can be observed by the grinding to such

20 an extent.

Further, in some cases, it is possible to further improve the catalytic activities by further adding a

solvent to the above grinded catalyst precursor to form a solution or slurry, followed by drying again. There

is no particular restriction as to the concentration of the solution or slurry, and it is usual to adjust the

solution or slurry so that the total amount of the starting material compounds for the grinded catalyst

25 precursor is from 10 to 60 wt%. Then, this solution or slurry is dried by a method such as spray drying,

freeze drying, evaporation to dryness or vacuum drying, preferably by spray drying method. Further, similar

drying may be conducted also in the case where wet grinding is conducted.

The oxide obtained by the above-mentioned method may be used as a final catalyst, but it may further

be subjected to heat treatment usually at a temperature of from 200 to 700 ' C for from 0.1 to 10 hours.

30 The mixed metal oxide thus obtained may be used by itself as a solid catalyst, but may be formed into

a catalyst together with a suitable carrier such as silica, alumina, titania, aluminosilicate, diatomaceous earth

or zirconia. Further, it may be molded into a suitable shape and particle size depending upon the scale or

system of the reactor.

The method of the present invention comprises subjecting an alkane to a vapor phase catalytic

35 oxidation reaction in the presence of a catalyst containing the above mixed metal oxide, to produce an

unsaturated carboxylic acid.

According to the method of the present invention, it is preferred to employ a starting material gas which

contains steam. In such a case, as a starting material gas to be supplied to the reaction system, a gas

mixture comprising a steam-containing alkane and an oxygen-containing gas, is usually used. However, the

40 steam-containing alkane and the oxygen-containing gas may be alternately supplied to the reaction system.

The steam to be employed may be present in the form of steam gas in the reaction system, and the

manner of its introduction is not particularly limited.

Further, as a diluting gas, an inert gas such as nitrogen, argon or helium may be supplied. The molar

ratio of the alkane:oxygen:diluting gas:H20 in the starting material gas is preferably 1:0.1 to 10.0:0 to 20:0.2

45 to 70, more preferably 1:1 to 5.0:0 to 10:5 to 40.

When steam is supplied together with the alkane as the starting material gas, the selectivity for an

unsaturated carboxylic acid is distinctly improved, and the unsaturated carboxylic acid can be obtained from

the alkane in good yield simply by contacting in one stage of the catalyst layer, as is different from the

conventional technique where a diluting gas such as nitrogen, argon or helium is added for the purpose of

so diluting the starting material. However, as a diluting gas to adjust the space velocity, the oxygen partial

pressure and the steam partial pressure, an inert gas such as nitrogen, argon or helium may also be used

together with steam.

In the present invention, as the starting material alkane it is preferred to employ a C3-8 alkane,

particularly propane, isobutane or n-butane. As the starting material, propane or isobutane is more

55 preferred. Most preferred is propane. According to the method of the present invention, from such an

alkane, an unsaturated carboxylic acid such as an a,^-unsaturated carboxylic acid can be obtained in good

yield. For example, when propane or isobutane is used as the starting material alkane, acrylic acid or

methacrylic acid will be obtained, respectively, in good yield.

4
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The purity of the starting material alkane is not particularly limited, and an alkane containing a lower

alkane such as methane or ethane, air or carbon dioxide, as impurities, may be used without any particular

problem. Further, the starting material alkane may be a mixture of various alkanes.

The detailed mechanism of the oxidation reaction of the present invention is not clearly understood, but

5 the oxidation reaction is carried out by oxygen atoms present in the above mixed metal oxide or by

molecular oxygen present in the feed gas. To incorporate molecular oxygen to the feed gas, such molecular

oxygen may be pure oxygen gas. However, it is usually more economical to use an oxygen-containing gas

such as air, since purity is not particularly required.

It is also possible to use only an alkane substantially in the absence of molecular oxygen for the vapor

w phase catalytic reaction. In such a case, it is preferred to adopt a method wherein a part of the catalyst is

appropriately withdrawn from the reaction zone from time to time, then sent to an oxidation regenerator,

regenerated and then returned to the reaction zone for reuse. As the regeneration method of the catalyst, a

method may, for example, be mentioned which comprises contacting an oxidative gas such as oxygen, air

or nitrogen monoxide to the catalyst in the regenerator usually at a temperature of from 300 to 600 " C.

75 The present invention will be described in further detail with respect to a case where propane is used

as the starting material alkane and air is used as the oxygen source. The reaction system may be a fixed

bed system or a fluidized bed system. However, since the reaction is an exothermic reaction, a fluidized

bed system may preferably be employed whereby it is easy to control the reaction temperature. The

proportion of air to be supplied to the reaction system is important for the selectivity for the resulting acrylic

20 acid, and it is usually at most 25 mols, preferably from 0.2 to 18 mols per mol of propane, whereby high

selectivity for acrylic acid can be obtained. This reaction can be conducted usually under atmospheric

pressure, but may be conducted under a slightly elevated pressure or slightly reduced pressure. With

respect to other alkane such as isobutane, the composition of the feed gas may be selected similar to the

case of propane.

25 In the method of the present invention, the reaction temperature is usually from 200 to 550 *C,

preferably from 300 to 480 *C, more preferably from 350 to 440 °C, and as compared with the conventional

technique, it is possible to produce an unsaturated carboxylic acid in good yield. The gas space velocity SV
in the vapor phase reaction is usually within a range of from 100 to 10,000 hr"\ preferably from 300 to

6,000 hr~\ more preferably from 300 to 2,000 hr~\ Further, as a diluting gas to adjust the space velocity

30 and the oxygen partial pressure, an inert gas such as nitrogen, argon or helium may be employed.

When the oxidation reaction of propane is conducted by the method of the present invention, carbon

monoxide, carbon dioxide, acetic acid, etc. will be produced as by-products, in addition to acrylic acid, but

the amounts of such by-products are very small. Further, in the method of the present invention, an

unsaturated aldehyde may sometimes be formed depending upon the reaction conditions. For example,

35 when propane is used as the starting material alkane, acrolein may be formed, and when isobutane is used

as the starting material alkane, methacrolein may be formed. In such a case, such an unsaturated aldehyde

can be converted to the desired unsaturated carboxylic acid by subjecting it again to the vapor phase

catalytic oxidation reaction with the mixed metal oxide-containing catalyst of the present invention or by

subjecting it to a vapor phase catalytic oxidation reaction with a conventional oxidation reaction catalyst for

ao an unsaturated aldehyde.

Now, specific embodiments of the present invention will be described in further detail with reference to

Examples. However, it should be understood that the present invention is by no means restricted by such

specific Examples. In the following Examples, the conversion, the selectivity and the yield are represented

by the following formulas:

45

Conversion (%) = mols of consumed alkane/ mols of supplied alkane x 100

Selectivity (%) = mols of formed desired unsaturated carboxylic acid/mols of consumed alkane x n/m x

100

Yield (%) = mols of formed desired unsaturated carboxylic acid/mols of supplied alkane x n/m x 100

50

In the above formulas, m is the carbon number of the supplied alkane, and n is the carbon number of

the formed desired unsaturated carboxylic acid.

EXAMPLE 1

55

A mixed metal oxide of the empirical formula Mot Vo.3Teo.23Nbo.12On wherein n is determined by the

oxidation states of other elements, was prepared as follows.

5



EP 0 608 838 A2

In 325 ml of warm water, 15.7 g of ammonium metavanadate was dissolved, and 23.6 g of telluric acid

and 78.9 g of ammonium paramolybdate were sequentially added thereto to obtain a uniform aqueous

solution. Further, 117.5 g of an aqueous solution of ammonium niobium oxalate having niobium concentra-

tion of 0.456 mol/kg, was mixed thereto to obtain a slurry. This slurry was heat-treated to remove water and

5 obtain a solid. This solid was molded by a tabletting machine into a tablet of 5 mm in diameter x 3 mm in

length, which was then pulverized, sieved to from 16 to 28 mesh and calcined in a nitrogen stream at

600 ' C for two hours.

A mixed metal oxide thus obtained was subjected to powder X-ray diffraction analysis (using Cu-Ka ray

as the X-ray source) whereby main diffraction peaks were observed at diffraction angles 2$ of 22.1 • (100),

w 28.2' (57.3), 36.2* (16.9), 45.1 * (15.2) and 50.0* (10.1) (the numerals in the brackets indicate relative

intensity based on the peak intensity of 20 = 22.1 • being 100.)

0.37 g of the mixed metal oxide thus obtained was packed into a reactor, and a vapor phase catalytic

reaction was conducted by supplying a feed gas in a molar ratio of propane:air = 1:15 at a reaction

temperature of 400 *C at a space velocity SV of 1,734 hr" 1
. The results are shown in Table 1.

75

EXAMPLE 2

0.37 g of a mixed metal oxide prepared in the same manner as in Example 1 was packed into a reactor,

and a vapor phase catalytic reaction was conducted by supplying a feed gas in a molar ratio of

20 propane:air:nitrogen = 1:7.5:7.5 at a reaction temperature of 380 *C at a space velocity SV of 1,734 hr" 1
.

The results are shown in Table 1

.

EXAMPLE 3

25 30 g of a mixed metal oxide prepared in the same manner as in Example 1 was grinded in a mortar,

and 0.6 g of bismuth hydroxide was further added thereto and mixed. This mixture was molded by a

tabletting machine into tablet of 5 mm in diameter x 3 mm in length, which was then pulverized, sieved to

from 16 to 28 mesh and calcined in a nitrogen stream at 550 *C for two hours 0.37g of a mixed metal oxide

of the empirical formula Moi V0.3Teo.23Nbo.i2Bio.oi70x wherein x is determined by the oxidation states of

30 other elements, thus obtained was packed into a reactor, and a vapor phase catalytic reaction was

conducted by supplying a feed gas in a molar ratio of propane:air = 1:15 at a reaction temperature of

380 °C at a space velocity SV of 1,854 hr" 1
. The results are shown in Table 1.

EXAMPLE 4

35

0.55 g of a mixed metal oxide prepared in the same manner as in Example 1 was packed into a reactor,

and a vapor phase catalytic reaction was conducted by supplying a feed gas in a molar ratio of

propane:air:nitrogen = 1:15:14 at a reaction temperature of 390 *C at a space velocity SV of 1,871 hr" 1
.

The results are shown in Table 1.

AO

Table 1

Conversion of propane (%) Selectivity for acrylic acid (%) Yield of acrylic acid (%)

Example 1 75.3 42.4 32.0

Example 2 49.8 56.2 28.0

Example 3 63.3 48.4 30.6

Example 4 41.8 38.7 16.2

COMPARATIVE EXAMPLE 1

55 A mixed metal oxide of the empirical formula M01Vo.3Nbo.12On wherein n is determined by the oxidation

states of other elements, was prepared in the same manner as in Example 1 except that telluric acid was

not incorporated.

6
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0.55 g of this mixed metal oxide was packed into a reactor, and a vapor phase catalytic reaction was

conducted by supplying a feed gas in a molar ratio of propane:air = 1:15 at a reaction temperature of

400 *C at a space velocity SV of 662 hr" 1
. As a result, the conversion of propane was 82.0%, but no

formation of acrylic acid was detected.

5

COMPARATIVE EXAMPLE 2

A mixed metal oxide of the empirical formula M01Vo.3Teo.23On wherein n is determined by the oxidation

states of other elements, was prepared in the same manner as in Example 1 except that the aqueous

70 solution of ammonium niobium oxalate solution was not added.

0.55 g of this mixed metal oxide was packed into a reactor, and a vapor phase catalytic reaction was

conducted by supplying a feed gas in a molar ratio of propane:air = 1:15 at a reaction temperature of

400 °C at a space velocity SV of 668 hr 1
. As a result, the conversion of propane was 48.3%, but no

formation of acrylic acid was detected.

75

EXAMPLE 5

0.55 g of a mixed metal oxide prepared in the same manner as in Example 1 was packed into a reactor,

and a vapor phase catalytic reaction was conducted by supplying a feed gas in a molar ratio of

20 propane:air:H2 0 = 1:15:14 at a reaction temperature of 390 *C at a space velocity SV of 1,871 hr
-1

. The

results are shown in Table 2.

EXAMPLE 6

25 0.59 g of a mixed metal oxide prepared in the same manner as in Example 1 was packed into a reactor,

and a vapor phase catalytic reaction was conducted by supplying a feed gas in a molar ratio of

propane:air:H2 0 = 1:15:7 at a reaction temperature of 380 'C at a space velocity SV of 1,439 hr 1
. The

results are shown in Table 2.

30 EXAMPLE 7

0.55 g of a mixed metal oxide prepared in the same manner as in Example 1 was packed into a reactor,

and a vapor phase catalytic reaction was conducted by supplying a feed gas in a molar ratio of

propane:air:H2 0 = 1:15:36 at a reaction temperature of 420 *C at a space velocity SV of 3,247 hr 1

. The

35 results are shown in Table 2.

EXAMPLE 8

30 g of a mixed metal oxide prepared in the same manner as in Example 1 was grinded in a mortar,

40 and the powder was dispersed in 100 ml of water to obtain an aqueous slurry. This slurry was heat-treated

to obtain a powdery solid. This solid was molded by a tabletting machine into a tablet of 5 mm in diameter

x 3 mm in length, which was then pulverized, sieved to from 16 to 28 mesh and calcined in a nitrogen

stream at 600 *C for two hours. 0.61 g of a catalyst thus obtained was packed into a reactor, and a vapor

phase catalytic reaction was conducted by supplying a feed gas in a molar ratio of propane:air:H2 0 =

45 1:15:14 at a reaction temperature of 380 *C at a space velocity SV of 1,861 hr 1
. The results are shown in

Table 2.

Table 2

Conversion of propane (%) Selectivity for acrylic acid (%) Yield of acrylic acid {%)

Example 5 65.7 58.0 38.1

Example 6 61.2 57.5 35.2

Example 7 69.0 52.5 36.2

Example 8 80.1 60.5 48.5

7
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COMPARATIVE EXAMPLE 3

0.55 g of a mixed metal oxide prepared in the same manner as in Comparative Example 1 was packed

into a reactor, and a vapor phase catalytic reaction was conducted by supplying a feed gas in a molar ratio

5 of propane:air:H20 = 1:15:14 at a reaction temperature of 400'C at a space velocity SV of 1,230 hr
_1

. As a

result, the conversion of propane was 63.2%, but no formation of acrylic acid was detected.

EXAMPLE 9

10 0.5 g of a mixed metal oxide prepared in the same manner as in Example 1 was packed into a reactor,

and a vapor phase catalytic reaction was conducted by supplying a feed gas in a molar ratio of n-butane:air

= 1:24 at a reaction temperature of 400 *C at a space velocity SV of 1,000 hr" 1
. The results are shown in

Table 3.

75 EXAMPLE 10

0.5 g of a mixed metal oxide prepared in the same manner as in Example 1 was packed into a reactor,

and a vapor phase catalytic reaction was conducted by supplying a feed gas in a molar ratio of n-

butane:air:H2 0 = 1:24:22 at a reaction temperature of 410 'C at a space velocity SV of 1,900 hr" 1
. The

20 results are shown in Table 3.

Table 3

Conversion of propane (%) Selectivity for acrylic acid (%) Yield of acrylic acid (%)

Example 9 83.1 9.5 7.9

Example 10 82.0 17.8 14.6

30 According to the method of the present invention, the desired unsaturated carboxylic acid can be

produced in good yield by a single step method using an alkane as the starting material.

Claims

35 1. A method for producing an unsaturated carboxylic acid, which comprises subjecting an alkane to a

vapor phase catalytic oxidation reaction in the presence of a catalyst containing a mixed metal oxide

comprising, as essential components, Mo, V, Te, O and X wherein X is at least one element selected

from the group consisting of niobium, tantalum, tungsten, titanium, aluminum, zirconium, chromium,

manganese, iron, ruthenium, cobalt, rhodium, nickel, palladium, platinum, antimony, bismuth, boron,

40 indium and cerium, wherein the proportions of the respective essential components, based on the total

amount of the essential components exclusive of oxygen, satisfy the following formulas:

0.25 < rMo < 0.98

0.003 < rv < 0.5

45 0.003 < rTe < 0.5

0.003 < rx < 0.5

wherein rMo ,
rv, rTe and rx are molar fractions of Mo, V, Te and X, respectively, based on the total

amount of the essential components exclusive of oxygen.

50

2. The method according to Claim 1, wherein as a starting material gas to be supplied to the reaction

system, steam is used together with the alkane.

3. The method according to claim 1 or 2, wherein the catalyst is the one prepared by a method which

55 comprises a step of grinding the mixed metal oxide.

4. The method according to Claim 2, wherein the molar ratio of the alkane:oxygen:diluting gas:steam in

the starting material gas is 1:0.1 to 10:0 to 20:0.2 to 70.

8
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5. The method according to Claim 4, wherein the molar ratio of the alkane:oxygen:diluting gas:steam in

the starting material gas is 1:1 to 5.0:0 to 10:5 to 40.

6. The method according to Claim 1, wherein the proportions of the respective essential components

5 satisfy the following formulas:

0.35 < rMo < 0.87

0.045 < rv < 0.37

0.020 < rTe < 0.27

w 0.005 < rx < 0.35

wherein rMo .
rv,

rTe and rx are as defined in Claim 1.

7. The method according to Claim 1, wherein the mixed metal oxide exhibits X-ray diffraction peaks at the

/5 following diffraction angles 2d in the X-ray diffraction (using Cu-Ka ray):

Diffraction angle 2d (±0.3 •

)

22.1 •

20 28.2 •

36.2-

45.2'

50.0'

25

8. The method according to Claim 1, wherein X is at least one element selected from the group consisting

of niobium, tantalum, tungsten and titanium.

9. The method according to Claim 1, wherein X is niobium.

30

10. The method according to Claim 1, wherein the alkane is a C3-8 alkane.

11. The method according to Claim 1, wherein the alkane is propane, isobutane or n-butane.

35 12. The method according to Claim 1, wherein the alkane is propane or isobutane.

13. The method according to Claim 1, wherein the alkane is propane.

40

45

50

55

9
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